1 The threatened perennial Salvia pratensis is restricted to a few isolated populations in the Netherlands, which vary in size from 10 to 1500 flowering individuals. Small populations are known to have significantly lower allozyme diversity than the large populations, probably as a consequence of genetic erosion. We test the prediction that small populations of this species will have lower fitness than large populations. 2 Seed from two small and two large populations was grown in a common environment. There was significant variation among populations in mean seed weight, seed size, percentage germination, plant biomass and growth, and in number of flowers per individual, but none of these differences could be attributed to differences in population size or level of allozyme diversity. 3 Differences in seed set, seed size and seedling size were probably largely influenced by nongenetic maternal effects. Differences in plant biomass at harvest after 5 months were independent of initial differences in seedling size, indicating that characters later in plant life are probably largely independent of maternal effects. 4 The present results, together with the known lack of difference in population growth rate and inbreeding depression in large and small populations, suggest that the small populations are in an early phase of the genetic erosion process, where their allozyme diversity has decreased, but where the quantitative genetic variation underlying fitness traits has not (yet) been affected. 5 Environmental differences and population history may be no less important than allozyme diversity for predicting differences in fitness among populations. Genetic erosion may be a major cause of viability problems in the future.
Introduction
An important notion within conservation biology is that small populations tend to be subject to an increased probability of stochastic extinction, due to demographic, environmental and genetic factors (Shaffer 1981 (Shaffer , 1987 . Theory predicts that high levels of inbreeding and genetic drift will occur in small populations, and that these processes will, respectively, lead to increased homozygosity and random loss of alleles. Increased homozygosity could lead to a higher expression of deleterious recessive alleles, which will result in inbreeding depression, i.e. a reduction of viability and fecundity in the population (Charlesworth & Charlesworth 1987) . Alleles may be lost from the population due to genetic drift, i.e. random fluctuations over generations in allele frequency as a consequence of sampling error. These alleles may be selectively neutral, but might become adaptive in the future in an altered environment, or they may even be adaptive in the present environment. Thus both inbreeding and drift will lead to loss of genetic diversity, which could lead to reduction of fitness and ultimately to reduced population viability (Frankel & Soule 1981; Schonewald-Cox et al. 1983; Soule 1986 ). The loss of genetic diversity can be counteracted if migration (gene flow) between populations occurs (Allendorf 1983) . However, migration is hampered by the severe isolation between small populations of endangered species which is often observed. 370 Population size and fitness in S. pratensis The combined negative effects of isolation, inbreeding and genetic drift are together called genetic erosion and this has become a major topic in conservation biology during the last decade (Soule & Wilcox 1980; Frankel & Soule 1981; Schonewald-Cox et al. 1983; Soule 1986 Soule , 1987 Falk & Holsinger 1991; Seitz & Loeschcke 1991; Loeschcke et al. 1994) . However, the relevance of genetic erosion to the probability of population extinction is for several reasons still a matter of dispute.
First, loss of genetic diversity from populations is often assessed using allozyme markers. Variation in allozymes is widely accepted as being selectively neutral, but variation in fitness-related characters (life history and reproductive traits) is generally under both polygenic control and selection. A relationship between allozyme variation and fitness must result from linkage between allozyme loci and quantitative trait loci and such a linkage may or may not be present. Therefore, although allozymes may be good markers for assessing the extent of genetic drift, loss of allozyme variation does not necessarily imply loss of fitness (e.g. Koehn et al. 1988; Booth et al. 1990) .
Second, populations that gradually reduce in size, or that are small for a relatively large number of generations, may experience relatively little permanent inbreeding depression, since selection tends to purge the population of deleterious recessive alleles (Schemske & Lande 1985; Charlesworth & Charlesworth 1987; Lande 1988; Barrett & Charlesworth 1991) . In small populations, as homozygosity increases due to inbreeding, a decline in both the frequency of recessive deleterious alleles and the magnitude of inbreeding depression is expected in a relatively few generations (Charlesworth et al. 1990 ), and as a result there will be differences in inbreeding depression between small and large populations. Whether or not low genetic diversity in a particular population is accompanied by low fitness, is therefore strongly dependent on the history of that population. The most clear effects of genetic erosion on fitness might be expected in species that have historically large populations that have declined to a few individuals within a few generations.
Finally, the probability of population extinction is influenced by stochastic variation in demography and environment (Shaffer 1981 (Shaffer , 1987 Shaffer & Samson 1985; Menges 1991a) . Individuals in small populations may experience reduced viability and reproduction for demographic, nongenetic reasons only. Genetic erosion can only influence the probability of extinction in as far as it affects the variation in demographic events or the sensitivity of individuals to environmental variation. It has been argued that genetic problems may often be secondary to the demographic problems of small populations and that extinction may occur before genetic problems become evident (Lande & Barrowclough 1987; Lande 1988; Menges 1991a) . From this it is clear that there is a need to understand the interaction of demographic and genetic factors in the extinction of small populations (Gilpin & Soule 1986; Lande 1988) .
Although the theoretical concept of genetic erosion is well developed, empirical data on its occurrence are still scarce. The relationship between population size and the amount of genetic variation within populations has been extensively studied and it has frequently been found that small plant populations exhibit low allozyme diversity (e.g. Moran & Hopper 1983; Lesica et al. 1988; Billington 1991; Van Treuren et al. 1991) . Far less attention has been given to the possible relationship between population size and fitness (Menges 1991b; Widen 1993; Ellstrand & Elam 1993; . Experimental comparisons of populations of varying size may help to elucidate this relationship.
Salvia pratensis L. (Labiatae) is a rare and threatened species in the Netherlands. The number of populations declined by more than 50% during the last few decades (Mennema et al. 1985; Bijlsma et al. 1991; Ouborg 1993a ), mainly as a consequence of habitat destruction. In earlier investigations, involving 14 populations and 11 polymorphic allozyme loci, a significant positive correlation was found between population size and both the proportion of polymorphic loci and the average number of alleles observed per locus . The amount of phenotypic variation, averaged over a number of morphological, growth and reproductive traits, was also positively correlated with population size . From these data it was inferred that genetic erosion may have been responsible for the loss of allozyme diversity from the small populations (Bijlsma et al. , 1994 .
Four populations from the electrophoretic survey were selected for further study. These represented the two largest known populations in the Netherlands and two of the smallest populations. The populations clearly differ in proportion of polymorphic loci, though less clearly in observed number of alleles per locus. Controlled crossing experiments revealed significant inbreeding load, i.e. the inbreeding depression that would be expressed after one generation of selfing, in all four populations . No differences in inbreeding load could be demonstrated between the small and the large populations. Evaluation of the demography of these four populations in a matrix projection model (Lefkovitch 1965; Caswell 1989) led to population growth rates close to zero, meaning that these populations are, at present, approximately constant in size. No significant difference in growth rate between the small and the large populations could be demonstrated (Ouborg 1993a) .
In the present paper a number of fitness components were experimentally compared in these four populations. Experiments were conducted in a com-N.J. Ouborg & R. Van Treuren mon garden environment with individuals of the same age, to control for possible differences in environment or in age structure between the populations. Any differences between the populations in the experiments must therefore result from either genetic differences or from nongenetic maternal effects (Roach & Wulff 1987) . Measurements of some fitness components were carried out in two common environments to investigate whether there is an interaction between the population size effect and environment. The main question addressed in this paper is whether the mean fitness in the large populations is higher than in the small populations.
Species and site description
Salviapratensis (Meadow Sage, or Common Meadow Clary) is a long-lived perennial of dry calcareous grasslands. No reliable records of life span of individuals are available, but demographic surveys suggest that the average life span of an adult individual may be in the range of one to a few decades (Ouborg 1993a ). The species is pollinated by insects, mainly bumblebees (Proctor & Yeo 1973) and outcrossing rates in natural populations are high (Van Treuren etal. 1993a) .
Flowering occurs from the end of May until the beginning of July. Each reproductive plant produces between one and eight flower stalks, but occasionally individuals with up to 20 or more flower stalks are found. Flowers are arranged in whorls, normally of six flowers, along the flower stalks, and contain four ovules per flower. Seeds disperse in the immediate vicinity of the maternal plant. Most seeds germinate soon after seed fall in August, once moisture is sufficient. Rosette diameter at the start of the growing season (end of April) is significantly correlated with reproductive output in the field (Ouborg 1993a) .
During the last 50 years many populations have gone extinct, while others have decreased considerably in size (Bijlsma etal. 1991) . The remnant populations are mostly (very) small (less than 100 individuals), and the largest population consists of around 1500 flowering individuals. Distances between separate populations are large and (re)colonization of sites is rare (Ouborg 1993b ). Analyses of electrophoretic data indicates that gene-flow between populations is either absent, or very low . The species has been designated as 'vulnerable' (Weeda et al. 1990 ) and is legally protected in the Netherlands.
The four populations involved in the experiments comprise around 15% of all populations in the Netherlands. All of them are situated along the rivers of the Rhine-system and are included in nature reserves. Composition and biomass production of the vegetation are comparable among the populations (Ouborg 1993a) . The nutrient contents and pH of the soil in these populations are also very similar (N. J.
Ouborg unpublished). All populations are managed by a mixture of mowing and winter-grazing.
Methods
The general design of all experiments described below is the comparison of individuals from populations which differ in size and genetic diversity, which have been grown in a common (garden) environment. It was therefore necessary to collect seeds from the populations being compared. Conservation reasons dictated that the amount of material collected had to be kept down to an absolute minimum in order to prevent negative effects on the populations. The nonoptimal designs, which sometimes resulted from this are an inevitable consequence of working with a rare and threatened species.
In 1988 and 1989 seeds were collected from 20-50 parents in each of four populations. In the small populations (LEXM, NEER) seeds were collected from all flowering individuals, in the large populations (KOEK, BIJL) seeds were collected from parents chosen according to a random sampling scheme, which covered the entire population. The populations were selected because they clearly differ in size. In addition they differ in the proportion of polymorphic loci (P) and, to a lesser extent, in observed number of alleles per locus (AobSJ) (details in Table I a). Seeds were stored at 4 ?C until the start of the experiments.
SEED SIZE
To investigate the influence of seed size on germination and seedling characteristics, a bulk sample from the KOEK population in 1988 was divided into eight size classes by sequentially sifting seeds through sieves with different pore diameter (classes: < 0.8, < 0.9, < 1.12, < 1.25, < 1.4, < 1.6, < 1.8 and Table 1 Number of flowering individuals in 1989 (N) and two measures for allozyme diversity in the studied population. (a) Data for the populations used in the seed size, germination, growth and grassland reproduction experiments; (b) populations used in the experimental garden reproduction experiment. P is the proportion of loci that were polymorphic in the population, Aobs is mean observed number of alleles per locus (procedures, analysis and data on allozyme diversity were reported in detail in Van Treuren et al. 1991) Heydecker 1973) . For the 1989 sample, mean seed weight and the proportion of nonviable and optimal-sized seeds, i.e. seeds smaller than 1.25 mm and seeds between 1.4 and 1.6 mm, respectively (see results), was determined for a sample of parent plants (n = 22-36) in each of the four populations.
GERMINATION
Seeds of 10 (1988) and 20 (1989) parents per population, subsequently called seed families, were selected for a germination experiment. Optimal-sized seeds were germinated in Petri dishes under conditions described earlier. Emergence was scored every day for 2 weeks; after that period no additional germination was recorded. The viability of nongerminated seeds was established using a tetrazolium staining test (Moore 1973 ).
GROWTH
Plant growth was investigated under two density treatments. Ten seed families were selected at random from each of the populations for the 'low-density' treatment. Ten seedlings were selected at random from each family. Each seedling was potted in a 1-L container filled with a 1:1 mixture of standard pot soil and plain, calcareous river sand. Very low percentages of germination in the BIJL population resulted in the 10 families comprising only 52 individuals (3-6 per family). In the 'high density' treatment six individuals of four (KOEK) or five (NEER) additional seed families were potted together on the same mixture in 1 -L containers. Low germination percentages in BIJL and lack of seeds in LEXM prevented these populations from being incorporated in the high-density treatment. Containers were completely randomized over the greenhouse (14/10-h L/D and 22/18 ?C). Pots were watered regularly. At the start of the experiment and every month thereafter each container received 20 mL of a quarter strength Hoagland solution. Preliminary experiments had shown that growth of Salvia is restricted under these conditions.
Seedling size was measured at the beginning of the experiment and expressed as the product of cotyledon length and width. In the low-density treatment, after two and four months the biomass of the plants was estimated as the product of length and width of the longest leaf and number of leaves. In earlier experiments this measure correlated significantly with total biomass (r = 0.777, P < 0.001, n = 72; Ouborg etal. 1991). After five months, half of the plants within each family were harvested and their shoot and root dry weight, the number of leaves and the total leaf area was determined. The remaining plants were watered and fertilized frequently to induce flowering. However, this part of the experiment had to be abandoned because of fungal infection.
All plants within the high-density treatment were harvested after 5 months. Individuals within containers could not be separated below ground, hence we decided to use the average individual shoot and root biomass per container in the analyses. Overall mortality as well as mortality within containers was very low. There appeared to be no differences in average individual biomass between containers with or without mortality, hence all containers in this treatment were considered to be subjected to the same 'high-density' treatment. In a second experiment reproductive characters were measured on individuals growing in an experimental garden. In this environment plants were larger than in the grassland environment and consequently had greater reproductive output. Because of lack of material, this experiment had to be carried out with individuals from five further populations (Table 1 b) which had been previously monitored to assess the level of phenotypic variation . Between 30 and 60 plants, member of seven or eight seed families per population, were transferred to the experimental garden in 1988; only a very small portion of plants flowered that year. In 1989 almost all of the plants flowered. The same parameters as in the grassland environment were measured on flowering individuals. The large inflorescences made it impractical to actually count the numbers of whorls and flowers. Therefore the total flower stalk length (TFL), defined as the length of the flower stalks measured from the lowest whorl to the top of the stalk and summed over main and side axes for an individual, was determined for each individual in each population. In samples for each population TEL was positively correlated with the number of whorls and the number of flowers counted (correlation coefficients range from r = 0.71, P < 0.01, n = 34 for number of N.J. Ouborg & R. Van Treuren flowers (NEER), to r = 0.87, P < 0.01, n = 41, for number of whorls (PIEK)). The pertinent regression equations for each population were used to estimate number of whorls and number of flowers for each individual.
DATA ANALYSES
The main question of this paper was whether small and large populations differ in mean fitness level. The population size effects on seed size, germination and reproduction were tested in a nested ANOVA, with population as a random factor nested within population size (large: KOEK, BIJL (or RUIT, OLST) vs. small: LEXM, NEER (or PIEK, BIJLh, NEER)). This is a conservative way of testing the population size effect given the degrees of freedom for the estimated F-values (1 for mean square (MS) of the population size factor and 2 (or 3) for MS of the population-within-size factor). A second analysis was therefore performed, with population as a fixed factor in a one way ANOVA. Any significant differences among populations were further investigated with multiple comparisons of means, using the Tukey honestly significant difference test (Sokal & Rohlf 1981) .
The 'growth' data from the low-density treatment were analysed in three separate nested ANOVAS. In the first analysis, the population size effect was tested as described before (MS population size vs. MS population-within-size). In a second analysis the population and family effects were tested: MS population vs. MS family-within-population, and MS familywithin-population vs. MS within-cells, respectively. In the last analysis seedling size was incorporated into the second model as a covariate. Any significant difference in this analysis, for instance between populations in total dry weight at harvest, would indicate that there are differences in total dry weight that are independent of initial seedling size differences.
Results

SEED SIZE
Seed size had a very strong effect on percentage germination (Fig. la) . Seeds that were smaller than 1.25 mm did not germinate and were therefore designated as nonviable. Both cotyledon size and root length of seedlings were significantly different between viable seed size classes (F3,36 = 11.9, P < 0.0001 for cotyledon size and F3,36 = 12.4, P < 0.0001 for root length). Figure 1 (b,c) shows that there was an optimal seed size class (1.4-1.6 mm) with respect to cotyledon size and root length.
The mean seed weight and the proportions of both nonviable and optimal-sized seeds varied significantly among populations in the 1989 seed collection (Table 2 ). These parameters were however, not related to population size.
GERMINATION
The results of the germination experiments are presented in Table 3 . The tetrazolium test showed that 99% of the nongerminating seeds were nonviable. A two-way ANOVA demonstrated significant effects of population and year (F3,109 = 59.7, P < 0.0001 and F1,109 = 11.3, P < 0.001, respectively). In addition, the interaction between year and population was significant (F3,109 = 6.9, P < 0.0001) indicating that the differences in percentage germination between populations depended on differences among years, presumably in maternal environment. From Table 3 it is clear that percentage germination showed no consistent relation to population size. In fact the large BIJL population had the lowest percentage germination in both years.
There were no significant differences in rate of germination between populations or years (Table 3) .
GROWTH
The effects on biomass production in the low-density treatment are summarized in Table 4 . Among-family variation in all biomass parameters was highly significant, suggesting there might be a genetic component involved. All parameters were also significantly different between populations. Inclusion of seedling biomass as covariate in the analyses did not affect the family effects, but removed most of the 374 Population size and fitness in S.
pratensis Table 2 Means (and standard errors) of the proportion of nonviable seeds, the proportion of optimal-sized seeds and the mean seed weight over all size classes (N is the number of parent plants investigated). Proportions were arcsine-square-roottransformed prior to analysis. In Tables 2-7 population effects. Important exceptions were shoot and total dry weight at 5 months after the start of the experiment. The significant difference in total dry weight corrected for initial seedling biomass differences indicates that there were differences in growth rate among these populations. Leaf area was significantly different between populations (F3,31 = 4.5, P < 0.01). This difference is in proportion to the difference in shoot dry weight, because the specific leaf area (SLA, i.e. leaf area divided by shoot dry weight) was not different among populations (F3,31 = 2.2, P > 0.10). The proportion of biomass allocated to shoots, expressed either as leaf weight ratio (LWR) or as leaf area ratio (LAR), was not different among populations (LWR, F3,31 = 1.5, P > 0.20; LAR, F3,31 = 0.88, P > 0.40).
Evaluation of the density treatment effects on biomass production at harvest in the large KOEK population and the small NEER population yielded a highly significant main effect of density on shoot, root and total dry weight (shoot, F1 74 = 213.7, P < 0.000 1; root, F1 74 = 199.3, P < 0.0001; total, F1 74 = 281.4, P < 0.0001). There was no significant interaction between population and density for any of these parameters (data not shown).
REPRODUCTION
The results of the grassland experiment are summarized in Tables 5 and 6 Reproductive data were only analysed for 1990 because of the low numbers of flowering individuals in 1991. Although there was a tendency for large populations to have more flower stalks, a higher number of whorls and a higher number of flowers, differences were not significant. Table 7 stalks than the three small populations, differences among populations in general did not agree with expectations.
OVERALL EFFECTS
Although it is clear from the results that none of the individual traits (seed size, germination, growth and reproduction) was significantly different between large and small populations, small nonsignificant differences per trait might combine to give larger differences in overall fitness. Although the data were collected in different experiments, some of which used different individuals, combining their effects could at least give an impression of the overall variation in fitness among populations. The number of ovules that one ovule may produce in the next generation was estimated according to the equation: (1 -proportion nonviable seeds) x percentage germination in 1989 x percentages survival and flowering in 1990 in the grassland experiment x the number of flowers per individual in the grassland experiment, and assuming each flower produces four ovules. The figures derived for KOEK, BIJL, LEXM and NEER were 137, 9, 60 and 67, respectively. It is clear that this overall fitness difference does not match differences in population size. Population means for the different traits were in general not significantly correlated with either proportion of polymorphic loci (P) or observed number of alleles per locus (AObS.). Relatively high correlations (higher than 0.85) with one or both of these genetic diversity measures were found for biomass at time 1 (0.93 NS), biomass at time 2 (0.96 P < 0.05), shoot dry weight (0.86 NS) and total dry weight (0.85 NS). Seed weight (-0.99 P < 0.05) and the percentage germination in both years (-0.91 NS and -0.88 NS, respectively) were negatively correlated with allozyme diversity.
Discussion
If population size is correlated with average fitness within populations, then differences would be expected when two of the largest known populations of the threatened perennial Salvia pratensis in the Netherlands were compared with two of the smallest populations. Although most fitness traits were significantly different among the populations, none of these differences was related to population size. The differences found may be characteristic for the particular experimental environment, but where conditions varied (i.e. in the growth and reproduction experiments) there was no evidence that the relationship between population size and the value of the various traits was different in different experimental environments. However, the lack of material (an inevitable consequence of the rare status of the species) meant that in the growth experiment not all popu-Population size and fitness in S. pratensis Table 5 lations could be subjected to both density treatments, and that different populations had to be used in the garden and grassland reproduction experiments. Further experiments are therefore needed to investigate the interaction between population size and experimental environment. Few studies have compared fitness related characters between large and small populations. We found no relationship between the proportion of nonviable seeds and population size for S. pratensis, in contrast to the lower seed set found in small compared to large populations of Dianthus deltoides (Jennersten 1988), Eupatorium resinosum (Byers & Meagher 1992) , Fagus sylvatica (Nilsson & Wastljung 1987) and Senecio integrifolius (Widen 1993) . Several explanations for this common pattern have been suggested. For instance, small populations may be less attractive to pollinators, resulting in lower seed set (Jennersten 1988). However, all populations investigated were in nature reserves, where a diverse vegetation is maintained and S. pratensis is pollinated mainly by nonspecialist bumblebees, which may be attracted by other plant species. Thus, although interspecific competition for pollinators may occur, pollinator attraction, and hence seed set, in the small populations may not be limited by their size.
In a self-incompatible species, where genetic drift in small populations may lead to loss of incompatibility alleles, lower seed set in such populations may then be explained by lack of compatible types (Byers & Meagher 1992) . However, S. pratensis is self-compatible, and therefore this explanation is not tenable.
It is possible that the correlation between population size and seed set is actually a consequence of lower plant density in small populations (Antonovics & Levin 1980; Lloyd 1980) . A positive correlation between plant density and outcrossing rate, though not between population size and outcrossing rate, has been found for natural populations of S. pratensis (Van Treuren et al. 1993a) . Low densities are thus associated with low outcrossing rates, and may result in inbreeding depression. However, no significant inbreeding depression in seed set was found for S. pratensis (N. J. Ouborg, unpublished) , although seed weight decreased significantly after selfing .
The only other studies we are aware of that deal with the relationship between population size and fitness are concerned with the percentage germination. Menges (1991b) found a positive correlation between percentage germination and population size in Silene regia. On the other hand no relationship between population size and germination was found for the rare perennial Senecio integrifolius (Widen 1993) .
The present experiments aimed at comparing genetically based differences among populations, by excluding differences in environment among the populations. However, nongenetic maternal effects, notably on seed size and germination characteristics, can be carried over from the parent plant to the offspring (Roach & Wulff 1987) . Seed size is influenced by density, stress and disease (Harper et al. 1970) . Seed size variation may also be caused by herbivory or defoliation (Maun & Cavers 1971; Hendrix 1979; Bentley et al. 1980) , variation in photoperiod (Cook 1975) and differences in time and position of formation within a plant (Harper et al. 1970) . Moreover, recent evidence indicates that seed size is a relatively plastic feature and has low heritability (Silvertown 1989) . Thus mean and variance of seed size are highly environmentally determined and variation in seed size among populations may reflect variation among environments.
Seed size had a profound influence on both germination and seedling size in S. pratensis. This is in agreement with several other investigations (e.g. Weis 1982; Marshall 1986) . Therefore, considering the environmental influence on seed size, germination (and seedling size) must be largely dependent on maternal environment, which is underlined by the significant effect of sampling year on differences in percentage germination among populations.
In earlier experiments with S. pratensis it was demonstrated that significant positive correlations between seedling size and plant size parameters disappeared in time, indicating that the stages later in plant life are relatively independent of nongenetic maternal effects . The covariance analysis of the present growth experiment again demonstrates that plant size later in life may be largely independent of maternal carry-over effects. Thus, although differences in seed size, germination and seedling size are presumably a consequence of differences in maternal environment, differences in plant size at harvest and in reproductive parameters are largely genetically determined. Nevertheless, it would be very interesting to assess the influence of environment on plant size and reproduction, for instance by performing a reciprocal transplant experiment. Unfortunately, such an approach conflicts with conservation and ethical considerations related to the threatened status of the species.
The present results show that fitness in the small populations is not reduced compared to fitness in the large populations. A positive correlation between population size and proportion of polymorphic loci (P) and average observed number of alleles per locus (AObS.) has been found in a survey of 14 populations of S. pratensis, including the ones investigated here (Van Treuren etal. 1991) . No relationship was found between population size and gene diversity (HE), but it was argued that HE is not a useful comparative measure, because rare alleles reached high frequencies (possibly due to genetic drift) only in the small populations . It has been argued that the correlation between population size and measures of allozyme diversity may be a consequence of genetic erosion, resulting in reduced allozyme diversity in the small populations (Bijlsma etal. 1991; Ouborg et al. 1991) .
The populations selected for this study differed clearly in P, and somewhat less clearly in AobS. Contrary to expectations these parameters of allozyme diversity in general did not correlate significantly with population values of fitness traits, but the power of the analysis of correlation is necessarily low if there are only four or five data points. Positive correlations have frequently been found between individual heterozygosity and fitness components (reviews in Mitton & Grant 1984; Allendorf & Leary 1986 and Zouros 1987; Bush, Smouse & Ledig 1987; Wolff & Haeck 1990 ). However, there are also reports where such relationships could not be demonstrated (e.g. Koehn etal. 1988; Booth etal. 1990 ). Moreover, the relationship between heterozygosity and fitness traits seems to be restricted to growth rate and developmental homeostasis of some characters and is only occasionally reported for other fitness-related characters. The high correlations (although only one is significant) between plant size and both P and AobS. that were found in the growth experiment may indicate that there is a positive correlation between allozyme diversity and growth rate in S. pratensis Allozymes, especially in plants, are often supposed to be selectively neutral. The quantitative genetic variation underlying the variation in fitness components may therefore be subjected to different dynamics from allozymes. In particular, selectively neutral variation (cf. allozymes) will respond more readily to the effects of small population size than variation in traits under selection (Lacy 1987; Lande & Barrowclough 1987; Van Treuren 1993; . Populations 378 Population size and fitness in S. pratensis that have become small in the recent past may show decreased allozyme variation, but may (still) be unaffected at the quantitative genetic level (Lacy 1987) . The observation of reduced allozyme variation in the small populations of S. pratensis, in the absence of population-size-related differences in fitness suggest that the small populations have become small relatively recently and are in an early phase of the genetic erosion process (Ouborg 1993a; Bijlsma et al. 1994) .
Other observations underline this interpretation. First, in a population that has been small for a long time, selection will likely have purged the population of (most of) its recessive deleterious alleles (Barrett & Charlesworth 1991) . Thus low inbreeding depression can be expected in historically small populations, as compared to large populations. Significant inbreeding depression in several traits was detected in the four populations (KOEK, BIJL, LEXM, NEER), but there was no difference in inbreeding depression between the small and large populations . This suggests that the small populations have become small only recently.
Secondly, although small populations had significantly lower allozyme diversity than large populations, P and Aobs. were still relatively high in the small populations, compared to other outcrossing species (Hamrick 1983; Hamrick & Godt 1990) , and especially as compared to other rare species (e.g. Lesica et al. 1988; Billington 1991) . This again suggests that genetic erosion in the small populations is still in an early phase.
It is therefore clear that knowledge of the history of the populations is of vital importance both for formulating expectations and for interpretation of results. The distribution of S. pratensis in the Netherlands has decreased considerably from the 1950s onward (Mennema et al. 1985) , resulting in decreased population sizes. Unfortunately, detailed information about the history of the investigated populations is lacking, but they are reported to have been approximately constant in size for at least 10 years (personal communications with nature reserve managers). Demographic surveys suggest that this period may be no more than one or two generations (Ouborg 1993a) , a period that is short enough to prevent substantial purging of genetic load (Lacy 1987; Van Treuren 1993) .
In conclusion, there was no evidence for reduced fitness in small populations, nor was there evidence in the small populations for an effect of genetic erosion on fitness. Similar results were obtained for large and small populations of Scabiosa columbaria (Van Treuren et al. 1993b ) and of Lychnis flos-cuculi . We want to stress here that this does not necessarily lead to the conclusion that genetic erosion is irrelevant for population viability. Investigations of other fitness components may lead to different conclusions. For instance, it has been claimed that genetic erosion may lead to increased susceptibility to diseases (O'Brien et al. 1983 (O'Brien et al. , 1985 O'Brien & Evermann 1988; Ferguson & Drahushchak 1990) . It is important to state that the small populations of S. pratensis may only be at the start of the possible problems. Significant inbreeding depression in several fitness traits was observed after selfing individuals of the small populations . Hence, progressive genetic erosion, leading to increased loss of alleles and increased homozygosity, could lead to fitness decreases in the future.
